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(57) ABSTRACT

A grinding mill liner has a plurality of liner elements with
respective bolt passages that are placed such that the pas-
sages, when the liner is installed into a mill shell, are placed
outside a footprint of a peripheral device on the mill shell.
Most typically, the peripheral device is a gearless motor drive
that is operationally coupled to the mill shell in a position
other than the end of the mill shell.
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1
CONFIGURATIONS FOR LINERS IN
GRINDING MILL WITH GEARLESS MOTOR
DRIVE

This application claims priority to our copending U.S.
provisional application with the Ser. No. 61/233,381, which
was filed Aug. 12, 2009.

FIELD OF THE INVENTION

The field of the invention is liners for grinding mills, and
especially as it relates to mounting arrangements of such
liners.

BACKGROUND OF THE INVENTION

As the inside of grinding mill drums is subject to substan-
tial impact during operation, all or almost all large-scale
grinding mills include protective and replaceable liners that
cover the inside of the drum. Usually, the liners are cast from
metal and bolted to the mill drum by at least two bolts that
traverse the liner, wherein the bolts are typically kept in place
by a nut applied from the outside of the drum. For example,
exemplary liner segments that are directly and indirectly
attached to drum shell are described in U.S. Pat. No. 4,270,
705. To reduce deformation, liner segments with small cir-
cumferential length can be employed as shown in EP 1 952
887 A1, which increases the number of bolts required. Inter-
locking protective tiles and matching fastener elements are
depicted in U.S. Pat. Nos. 6,189,280 and 6,343,756.

There are numerous bolts suitable for coupling the liners to
the drum shell, which may include ordinary bolts or those
with one or more specialized structures. For example, U.S.
Pat. No. 4,018,393 shows a bolt with enlarged surface contact
area, and U.S. Pat. App. No. 2008/0197640 depicts improved
bolts that can be removed at an angle.

To detach a worn liner, the nuts are removed using an
impact wrench, the bolts are pushed inside the drum, and the
liner plates are knocked out of the shell through so called
knock-out holes. In most cases, nut and bolt removal is
achieved using a hydraulically or pneumatically actuated bolt
removal tool (BRT). Alternatively, where operation of the
BRT is not practical or possible, the bolt can be removed
using a sledgehammer. However, considering the size of
many mills (e.g., ball mills up to 26 ft. and SAG mills up to
and above 40 ft. diameter), bolts (e.g., 2 in. diameter (M48))
and liner weight 2-6 tons, the use of a sledgehammer as a
removal tool is not only tedious and hazardous, but also time
consuming. Due to the process critical nature of the milling in
mining and other operations, downtime must be minimized to
maintain profitability. There are numerous BRTs known in
the art, and exemplary BRTS are described in U.S. Pat. No.
6,904,980, WO 2007/000019, and U.S. Pat. App. No. 2009/
0126177. However, regardless of the manner of bolt removal
using such tools, removal of bolts remains challenging, espe-
cially where an operator can not readily access the bolts with
a BRT. For example, operational difficulties are compounded
where the grinding mill drum has a gearless motor drive. In
many cases, the gearless motor drive is located on a non-edge
position of the mill shell and so covers a substantial part of the
shell. Unfortunately, currently known and commercially
available liner segments are configured such that the liner
bolts are located under the cover of the gearless motor drive
and are generally not accessible to the BRT. Consequently,
most mill operators resort to use of a sledgehammer in a
confined space. As is readily apparent, such operation is once
again tedious and time consuming.

w

10

15

20

25

30

35

40

45

50

55

60

65

2

Alternatively, to reduce downtime caused by bolt removal,
a robotic system can be used as described in US 2007/
0180678. Here, the system operates with a robotic arm and
tool that automates the above bolt removal process. While
such system generally allows for more rapid bolt removal,
additional time for installation, programming, and mainte-
nance is required. Moreover, malfunction of such system
tends to add substantial delays to the liner removal. To
entirely avoid issues associated with bolt removal, boltless
liners can be used as described in CA 2305481 where a
plurality of plate segments are held together by wedging
plates. Here, the impact forces of the balls in the mill together
with the particular plate arrangement are thought to stabilize
the liner arrangement and to allow use of harder materials
than normally used, which extends the projected life time.
However, while such liner configurations provide significant
advantages with respect to life time and installation, several
new disadvantages arise. For example, removal of the plates
for replacement is often more complicated as the plates have
locked with each other. Moreover, as the wedging process is
continuous, the entire liner must typically be replaced even
when only a small section of the liner is defective.

Therefore, there is still a need to provide improved mount-
ing arrangements for liners in grinding mills, and especially
for grinding mills with a gearless motor drive.

SUMMARY OF THE INVENTION

The present invention is directed to various devices and
methods for grinding mill liner elements having a plurality of
bolt passages, wherein the bolt passages are placed such that
the bolt passages, when the liner elements are installed into a
mill shell, allow simplified and rapid removal of the liner
elements without interference of a peripheral device that may
be present on the mill shell.

In one aspect of the inventive subject matter, a method of
manufacture of a grinding mill liner includes a step in which
aplurality of liner elements is formed, and in which each liner
element has a plurality of bolt passages. It is especially pre-
ferred that the bolt passages are placed such that the bolt
passages (when the liner elements are installed into a mill
shell) are positioned outside the footprint of a peripheral
device (e.g., gearless motor drive) on the mill shell. Most
typically, contemplated liner elements will include at least
two bolt passages.

While not limiting to the inventive subject matter, it is
generally preferred that the liner elements can be grouped in
groups of liner elements having different average lengths.
Typically, the difference in average length is at least 10%, and
more typically at least 20%. Moreover, it is contemplated that
liner elements may be further grouped into a third group,
having an average length that is different from the first and
second average lengths. In further preferred aspects, the bolt
passages in a liner element have substantially equal distance
from a hypothetical midline of the liner element. Addition-
ally, it is contemplated that the mill shell has a plurality of
knock-out holes that are positioned outside the footprint of
the peripheral device on the mill shell such as to allow com-
plete removal of the liner elements using the knock-out holes.

Particularly contemplated grinding mill liner elements will
therefore have a plurality of bolt passages, wherein the bolt
passages are placed such that the bolt passages, when the liner
element is installed into a mill shell, are positioned outside a
footprint of a peripheral device (e.g., gearless motor drive) on
the mill shell. Most typically, the liner element will have at
least two bolt passages, preferably with substantially equal
distance from a hypothetical midline of the liner element. It is
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further generally preferred that the mill shell comprises a
plurality of knock-out holes that are positioned outside the
footprint of the peripheral device on the mill shell such as to
allow complete removal of the liner element using the knock-
out holes.

Therefore, grinding mills having the above mentioned liner
elements are especially contemplated. In such mills, the liner
elements have a first average length, and additional liner
elements will have an average second length, wherein first
and second lengths differ at least 10%, and more typically at
least 20%. Where appropriate, still further liner elements may
be included having an average third length, wherein the first,
the second, and the third length are different. It is still further
preferred that the mill shell comprises a plurality of knock-
out holes that are positioned outside the footprint of a periph-
eral device on the mill shell such as to allow for complete
removal of the liner element using the knock-out holes.

Various objects, features, aspects and advantages of the
present invention will become more apparent from the fol-
lowing detailed description of preferred embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWING

Prior Art FIG. 1 is an schematic isometric view of a section
of'a mill shell section with a plurality of liner elements.

Prior Art FIG. 2 is a schematic illustration of side and top
view of the mill shell section and plurality of liner elements of
Prior Art FIG. 1

FIG. 3 is a schematic illustration of side and top view of the
mill shell section and plurality of liner elements according to
the inventive subject matter.

DETAILED DESCRIPTION

According to the present inventive subject matter, grinding
mill liners and grinding mill liner elements are contemplated
where the bolt passages in the liner elements are placed out-
side the footprint of a gearless motor drive and/or other exter-
nal device that is coupled to the mill shell. In most preferred
aspects, contemplated liners have a length that is sufficient to
extend with either or both ends beyond the gearless motor
drive and/or other external device, and/or have bolt passages
that are positioned such that the passages are disposed outside
the footprint of the gearless motor drive and/or other external
device. As used herein, the term “gearless motor drive” is
meant to also include the housing of the gearless motor drive.
Thus, the term “outside of the footprint” with respect to a
peripheral device and a bolt passage means that the bolt
passage is accessible by abolt removal tool without removing
the housing or without lifting the stator portion of the gearless
motor drive.

Consequently, it should be appreciated that all manners of
manual and/or automated bolt removal can be implemented in
grinding mills having a gearless motor drive housing or other
external device where such housing or other device would
otherwise obstruct or limit access to the bolts. Prior Art FIG.
1 exemplarily illustrates a segment 100 of a grinding mill
shell in which the shell portion 110 is lined on the inside with
aplurality of groups of liner elements 120A-120F, and where
each liner element has bolt passages 122 (only one bolt pas-
sage has a numeral here). Prior Art FIG. 2 exemplarily depicts
top and side views of the liner elements. Here, the groups of
liner elements 120 A-120F have substantially the same length
(average length difference equal or less than 5%) and are
coupled to the mill shell 110 via bolts extending through bolt
passages 122. As can be readily seen from lines 122A-122C
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in Prior Art FIG. 2, the bolt passages in group 120A and 120B
coincide with the gearless motor drive 130. Thus, bolt
removal in these groups is extremely difficult, and will in
some circumstances even require removal of at least the hous-
ing of the gearless motor drive or a portion of the stator. Such
manipulation typically requires significant additional labor
and downtime of the mill, which is economically highly unat-
tractive.

The inventor has now discovered that the above difficulties
can be circumvented by modifying the length and/or position-
ing of the bolt passages such that the passages will no longer
interfere with the external device (here: the gearless motor
drive). In particularly preferred methods and devices, a grind-
ing mill liner is contemplated that has a plurality of bolt
passages, wherein the bolt passages are placed such that the
passages, when the liner is installed into a mill shell, are
positioned outside a footprint of a peripheral device of the
mill shell. Typically, the peripheral device is a gearless motor
drive cover, and the liner has at least two bolt passages.

FIG. 3 exemplarily illustrates such devices and methods.
Here, mill shell 110 with knock-out holes 112 (only one
shown with numerals) has a plurality of groups of liner ele-
ments 120A-120F have a plurality of liner elements, wherein
the first group 120A has liner elements with a relatively small
average length, while the second group 120B has liner ele-
ments with a relatively large average length. Line 124 depicts
the hypothetical midline of the liner elements. Remaining
groups 120C-120F have liner elements with an average
length that is intermediate to the first and second groups. As
can be readily seen from lines 122A and 122B, the bolt
passages are now positioned such that the passages substan-
tially fall outside the footprint of the gearless motor drive and
associated housing 130. It should be noted that such arrange-
ment will necessitate the manufacture of liner elements with
significantly different lengths, which may at least conceptu-
ally impede simple fabrication and installation. Moreover,
while liner elements having different lengths will have dif-
ferent physicomechanical properties (e.g., resonance fre-
quencies, excursion under load when installed, etc.), it is now
contemplated that such differences will not negatively impact
performance. On the contrary, as removal of the liners is now
greatly facilitated, downtime will be reduced and economics
are significantly improved.

Therefore, the inventors contemplate a method of produc-
ing a grinding mill liner in which a plurality of liner elements
is formed with a plurality of bolt passages, respectively,
wherein the bolt passages are placed such that the bolt pas-
sages, when the liner elements are installed into a mill shell,
are positioned outside a footprint of a peripheral device on the
mill shell. Most typically, the liner elements will have at least
two bolt passages, which will correspond to respective open-
ings in the grinding mill shell. As already noted above, it is
generally preferred that a first group of the liner elements has
a first average length, that a second group of liner elements
has a second average length, and that first and second average
lengths differ at least 10%, and more typically at least 20%.
Most commonly, the remaining liner elements can be grouped
into a third group of liner elements having an intermediate
average length to facilitate production of the liner elements.
In at least some cases, the average length of the longest and
shortest group will be the length of the remaining group of
liner elements. Thus, production of the liner elements is sim-
plified, and where the modified liner elements are installed as
aretrofit, most of the already existing bolt passages in the mill
shell and liner elements can be used without change.

Itis still further generally preferred that the bolt passages in
aliner element have substantially equal distance from a hypo-
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thetical midline of the liner element. Where the distance of
two bolt passages is relatively large, it is contemplated that
support elements may be provided to the mill shell and/or the
liner element to reduce excursion under load. With respect to
the mill shell, it should be appreciated that especially pre-
ferred mill shells will have corresponding bolt passages and
knock-out holes that are positioned outside a footprint of the
peripheral device on the mill shell. Thus, such knock-out
holes in combination with the liner elements presented herein
will allow complete removal of the liner elements using the
knock-out holes without the need to remove the external
device.

Of course, it should be appreciated that the liner elements
and methods contemplated herein are suitable for de-novo
construction of grinding mills as well as for retrofitting
already existing grinding mills. Consequently, where the liner
elements are used for existing grinding mills, it is noted that
most or all of the bolt passages in the liner elements will be
determined by preexisting bolt passages in the mill shell and
that the liner elements will therefore be substantially longer
and corresponding connecting liner elements will be smaller.
On the other hand, where the liner element is configured for a
de-novo construction, the liner element may be similar or
even identical in length as known liner elements, however,
have the bolt passages located outside a footprint of the
peripheral device. For example, suitable length of liner ele-
ments may be at least 2.5 m, and more typically at least 3.0 m.
In still further contemplated aspects, the mill shell will also
include knock-out holes for removal of the liner elements, and
most preferably, the knock-out holes are positioned outside
the footprint of the peripheral device and present in a number
sufficient to allow for complete removal of the liner elements
using the knock-out holes. Viewed from a different perspec-
tive, while it is preferred that the knock-out holes are proxi-
mal but not within the footprint of the peripheral device,
knock-out holes may also be present within the footprint, but
not essential for removal of the liner elements.

Moreover, it should be noted that while the configurations
and methods contemplated herein are particularly suitable for
ball grinding mills in mining operations, numerous other
operations may also benefit from the inventive subject matter.
For example, suitable mills may be operated in various
chemical plants, power producing plants, and cement plants.
Similarly, while ball grinding mills are especially contem-
plated, SAG (Semi-Autogenous Grinding) mills and other
grinding mills are also deemed suitable for use herein. There-
fore, it is contemplated that suitable peripheral devices also
include various drive arrangements such as girth gears, etc.

It should be apparent to those skilled in the art that many
more modifications besides those already described are pos-
sible without departing from the inventive concepts herein.
The inventive subject matter, therefore, is not to be restricted
except in the scope of the appended claims. Moreover, in
interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner consis-
tent with the context. In particular, the terms “comprises” and
“comprising” should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating
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that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, com-
ponents, or steps that are not expressly referenced. Where the
specification claims refers to at least one of something
selected from the group consisting of A, B, C . . . and N, the
text should be interpreted as requiring only one element from
the group, not A plus N, or B plus N, etc.

What is claimed is:

1. A plurality of grinding mill liner elements for a mill shell
having a peripheral device, comprising:

a first set of the plurality of liner elements having a first
average length and a second set of the plurality of liner
elements having a second average length, wherein the
first and second average lengths are different;

wherein the plurality of liner elements comprises a plural-
ity of bolt passages;

wherein the first set of the plurality of liner elements are
sized and the bolt passages in the first set of the plurality
of liner elements are placed to thereby position the bolt
passages in the first set of the plurality of liner elements
outside a footprint of the peripheral device on the mill
shell when the plurality of liner elements are installed
into the mill shell; and

wherein the mill shell has a first end and a second end, and
an outside surface between the first and second end, and
wherein the peripheral device is a gearless motor drive
having a stator coupled to the outside surface of the mill
shell in a position between the first and second ends.

2. The liner elements of claim 1 wherein each of the plu-

rality of liner elements has two bolt passages.

3. The liner elements of claim 1 wherein the bolt passages
on each of the plurality of liner elements has substantially
equal distance from a hypothetical midline of the liner ele-
ment.

4. The liner elements of claim 1 further comprising a third
set of the plurality of liner elements having a third average
length, wherein the first, second, and third average lengths are
different.

5. A grinding mill comprising a mill shell and at least one
liner element according to claim 1.

6. The grinding mill of claim 5 wherein the liner element
has a first length, and further comprising a second liner ele-
ment having a second length, and wherein first and second
lengths differ at least 20%.

7. The grinding mill of claim 5 wherein the liner element
has a first length, and further comprising second and third
liner elements having second and third lengths, respectively,
and wherein the first, the second, and the third lengths are
different.

8. The grinding mill of claim 5 wherein the mill shell
comprises a plurality of knock-out holes that are positioned
outside a footprint of a peripheral device on the mill shell, and
wherein the plurality of knock-out holes are sufficient to
allow for removal of the liner element using the knock-out
holes.

9. The liner elements of claim 1, wherein the first and
second average lengths are different by at least 10%.
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